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Regarding “Elevated C-reactive protein levels are
associated with postoperative events in patients
undergoing lower extremity vein bypass surgery”
Owens et al1 have reported the results of a prospective study
on the prognostic significance of C-reactive protein (CRP) in
patients undergoing lower extremity vein bypass surgery. They
stated that this is the first study demonstrating the role of this
inflammatory marker on the outcome of patients with lower limb
ischemia.
Indeed, about 15 years ago, Majewski et al were the first to
suggest the prognostic value of CRP in patients with chronic2 as
well as acute lower limb ischemia.3 The latter findings were nicely
confirmed by Kuukasjärvi et al.4 More important, Upchurch et al5
were the first to demonstrate a clear correlation between CRP and
the severity of foot ulcers.
This prompted us to investigate this issue in patients under-
going infrainguinal bypass surgery.6-8 These studies showed
that CRP not only was clearly correlated with the severity of
lower limb ischemia but also with infection due to some
bacterial strains.6 CRP came out as one of the most impor-
tant determinants of several postoperative outcome end
points.
However, these findings, as well as the extremely elevated
levels of CRP in patients with critical limb ischemia, suggest that
CRP cannot be considered as a marker aggressive atherosclero-
sis, but rather as a marker of the severity of lower limb athero-
sclerosis and its related ischemic complications. This also sug-
gests that in these patients, CRP is not likely to be a major
determinant of vein graft disease but rather that increased CRP
is associated with severe critical limb ischemia and with other
extrinsic determinants of graft failure. Interestingly, preopera-
tive levels of CRP were markedly increased, especially in those
patients who required lower limb amputation despite a patent
graft.7,8
Fausto Biancari, MD, PhD
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Reply
We appreciate the interest and concerns of the correspondents
regarding our article “Elevated C-Reactive Protein Levels Are
Associated With Postoperative Events in Patients Undergoing
Lower Extremity Vein Bypass Surgery.” As they point out, a
number of authors have previously demonstrated an association
between C-reactive protein (CRP) levels and the severity of periph-
eral arterial disease, including complications related to critical limb
ischemia; our results are but another confirmation in this regard.
These studies vary in the heterogeneity of the study populations
and, importantly, in the use of the current high-sensitivity assay
(hsCRP) used in these studies. However, the unique focus of our
investigation was to examine the relevance of inflammatory bi-
omarkers such as hsCRP to the outcomes of vein bypass surgery in
the limb.
As stated in the introduction, our hypothesis is that chronic,
low-grade, systemic inflammation is directly related to the devel-
opment and progression of vein graft disease.1 CRP is increased in
acute infection, cancer, and systemic illness, and it is associated
with diabetes, renal failure, and critical limb ischemia. We did not
intend to measure the effects of acute increases in CRP attendant
with severe infections or extensive necrosis. Accordingly, our study
design specifically excluded patients who had evidence of clinical
infection, immunocompromised states, or systemic illness such as
recent myocardial infarction.1 The median hsCRP concentration
in our study population was 3.25 mg/L. By contrast, the other
cited studies2-4 included reconstruction procedures with mixed
conduits, including prosthetic, and were not designed to evaluate
associations with failure of autogenous conduits.2-4 More impor-
tantly, the study populations seem significantly different from ours
in terms of the inclusion of patients with severe, acute inflamma-
tion. For example, in the referenced studies, the median CRP in
patients having an amputation was greater than 40 mg/L and was
greater than 100 mg/L in those having an amputation despite an
open graft; these values are an order of magnitude larger than those
observed in our cohort.2-4 These authors concluded that patients
undergoing pedal bypass who have a CRP greater than 100 mg/L
have a twofold risk for limb loss at 1 year.2 Although lacking an
explicitly stated hypothesis,2,3 it seems likely these studies evaluate
CRP as a biochemical surrogate for the degree of lower extremity
tissue loss and/or infection, which might then influence limb
salvage by failures not specific to revascularization.
In our published article, we reported that among a cohort of
91 patients undergoing autogenous vein reconstruction, a baseline
level of hsCRP greater than 5 mg/L (the upper reference level in
our laboratory) was predictive of subsequent major cardiovascular
events, the majority of which were vein graft related.1 This rela-
tionship was maintained on multivariate analysis when confound-
ing factors were controlled. In an updated analysis that included
more patients (n 147) and additional observation time, patients
with elevated baseline hsCRP (5 mg/L) experienced more vein
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graft–related events over a mean follow-up period of 16.7 months
(P  .036; log-rank test; unpublished data; Fig). These data
continue to suggest to us that hsCRP may not only be a marker for
atherosclerotic-related clinical events, but also may be a useful
biomarker for the development and severity of vein graft disease.
Further studies are continuing to define the nature of this relation-
ship. (Owens CD, Conte MS, unpublished data)
Christopher D. Owens, MD
Michael S. Conte, MD
Division of Vascular and Endovascular Surgery
Brigham and Women’s Hospital
Boston, Mass
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Regarding “Initial results of wireless pressure sensing
for endovascular aneurysm repair: The APEX
trial—Acute Pressure Measurement to Confirm
Aneurysm Sac EXclusion”
Ohki and associates’ interesting study1 demonstrates that
pressure sensing is able to detect type I and III endoleaks during
endovascular aneurysm repair. They concluded that the EndoSure
sensor measures sac pressure accurately. However, it can be ques-
tioned whether this last conclusion is substantiated by the results of
their study.
Aneurysm sac pressure was measured simultaneously by the
EndoSure sensor and a standard angiographic catheter in 15
patients. We believe that the agreement between the sensors was
not analyzed properly. The use of correlation coefficients is mis-
leading. This has been demonstrated by Bland and Altman. They
suggest using Bland and Altman plots in which the agreement
between two measure techniques is illustrated by plotting the
average of the two measurement techniques against the difference
between these techniques.2
Furthermore, pressure measurements by the EndoSure sen-
sor (new technique) are compared with the pressure measure-
ments by the angiographic catheter (the “gold standard”). This
differs from calibration, in which pressures are measured by a
new technique and compared with the known true values. The
true pressure values remain unknown in the study by Ohki et al
because the operator of the pressure sensor cannot know
whether the angiographic catheter measures accurately; aneu-
rysm sac pressure is hampered by the aneurysm sac thrombus.3-5
Hence, in our view, no definitive conclusion can be drawn about
the accuracy of the EndoSure sensor—at best only about the
correlation between the sensors.
Nevertheless, Ohki et al demonstrate that intrasac pressure
sensing may be a useful adjunct to intraoperative angiography by
measuring the trend of the sac pressure pulsatility (30% or30%
reduction) to verify sac exclusion. This is very encouraging and
suggests, as previously mentioned, that pressure trends after endo-
vascular aneurysm repair are probably most appropriate to fol-
low.4,5 However, long-term study will be needed to prove this.
Jan-Willem Hinnen, MD
Olivier H. Koning, MD
Hajo J. Van Bockel, MD, PhD
Jaap F. Hamming, MD, PhD
Department of Surgery
Leiden University Medical Center
Leiden, The Netherlands
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We appreciate the letter from Hinnen and colleagues and
agree with their suggestion to present the sensor accuracy data
using Bland-Altman analysis.1 Figures 1 to 3 show results of the
Bland-Altman analysis for mean, systolic, and diastolic pressures
obtained with the angiographic catheter and the wireless pressure
sensor. The results of the new (Bland-Altman) analysis are consis-
tent with the results presented in the article; therefore, even if one
uses a different statistical method, our conclusion in the article
does not differ. That is, the wireless pressure sensor measurement
Fig. Freedom from graft-related events (stenosis, revision, occlu-
sion, or amputation of the index leg) in subjects (n  147)
undergoing lower extremity bypass with an autogenous vein.
Survival curves compare subjects with increased preoperative high-
sensitivity C-reactive protein levels (CRP; 5 mg/L) with those
who had levels within the reference range (5 mg/L) by the
Kaplan-Meier method (P  .036).
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